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(Si) Quiet bus for the busing of analog and digital data. 

(57) Test apparatus (10) performs non-destructive 
testing of an object (O) to determine if it has 
flaws or defects. An ultrasonic wave (W) is 
generated and directed at the object A return 
wave (R) reflected by the object is received and 
analyzed to determine if a flaw or defect The 
return wave is converted to digital data which is 
stored for purposes of later analysis. For this 
purpose, digital signals containing the data are 
routed over a quiet bus (24). Digital signals are 
routed over the bus prior to generation of an 
ultrasonic wave to establish test parameters. 
Digital noise may occur during the transmis- 
sion. A controller (22) controls routing of digital 
signals over the bus. The controller inhibits the 
flow of digital signals over the bus during that 
portion of an operational cycle of the apparatus 
during which the ultrasonic waves are pro- 
duced and return waves evaluated. The control- 
ler allows transmission of digital signals over 
the bus at other times. As a result, the ultrasonic 
portion of the apparatus is effectively isolated 
from the bus so any digital noise thereon can- 
not effect the ultrasonic portion of the ap- 
paratus and the test results produced thereby. 
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Background of the Invention 

This invention relates to testing apparatus such 
as ultrasonic flaw detectors having both analog and 
digital signals present in various parts thereof and, 
more particularly, to such apparatus in which noise 
present in the digital portion of the apparatus is pre- 
vented from corrupting the analog signals and there* 
by invalidating a test involving the apparatus. 

Ultrasonic testers for the non-destructive testing 
of objects are well known in the art In operation, ul- 
trasonic waves are generated by appropriate trans- 
ducers and directed at an object under test. Depend- 
ing upon the test being performed, the wave may 
pass through the object, or strike its surface and be 
reflected back. The resultant return wave is convert- 
ed to an analog signal whose characteristics (ampli- 
tude, for example) are indicative of the structure of 
the object There are various applications for testing 
apparatus such as ultrasonic wave testers. Represen- 
tative test applications are shown in United States pa- 
tents 4,821,575, 4,437,332, 4,432,235, 4,373,394, 
4,333,346,4,289,033, 4,169,662, 4,129,041, and 
4,102,205, all of which are assigned to the same as- 
signee as the present application. 

As indicated in various of these patents, micro- 
processors are used with the testing apparatus. More 
recently, personal computers (PC's) have also been 
employed with the apparatus. A particular advantage 
with using PC's is that they are easily programmed to 
allow a wide range of post testing data analysis. For 
this purpose, the return information is converted to 
digital data which are stored for later retrieval and 
analysis. Prior to the start of a test digital information 
is sent over the bus to configure the test apparatus 
for a chosen set of test parameters. The digital data 
is routed over a digital bus to a storage site. As is typ- 
ical, the frequency of digital information transmitted 
over the bus is in the range of 5Mhz-10Mhz. These 
frequencies, however, correspond to those of the ul- 
trasonic transducers within the apparatus. Digital 
noise which is present on the bus is picked up by am- 
plifiers within the ultrasonic portion of the apparatus. 
Because of the overlapping frequencies, the ampli- 
fied digital noise is integrated with the ultrasonic sig- 
nals, thus distorting this latter signal and the informa- 
tion it contains about the object. The resultant distor- 
tion can, effectiveiy, invalidate the test It is therefore 
important, not only for ultrasonic wave testing, but 
also for similar test configurations where analog and 
digital signals are present, to prevent the noise pres- 
ent on the digital side of the apparatus from adversely 
effecting the analog signals. 

Summary of the Invention 

Among the several objects of the present inven- 
tion may be noted the provision of test apparatus for 



performing non-destructive tests on an object or 
workpiece to determine if it has defects or flaws; the 
provision of such test apparatus to utilize both analog 
and digital data signals for real-time test indications 

5 and post-test data analysis; the provision of such test 
apparatus with which a personal computer or micro- 
processor is used for control of testing, data storage, 
retrieval, and analysis; the provision of such test ap- 
paratus having a controlled data bus over which dig- 

10 ital information can flow only during certain periods, 
and, in particular, only during those periods when no 
analog data signals are present thereby to prevent 
digital noise from distorting the analog signals and in- 
validating test results; the provision of such appara- 

is tus to be ultrasonic wave testing apparatus; the pro- 
vision of such ultrasonic wave testing apparatus 
which is useful in a wide variety of testing applica- 
tions; and, the provision of a method for ultrasonic, 
non-destructive testing of an object employing the 

20 apparatus. 

In accordance with the invention, generally stat- 
ed, testing apparatus performs non-destructive test- 
ing of an object to determine if it has flaws or defects. 
An ultrasonic wave portion of the apparatus periodi- 

25 cally generates an ultrasonic wave which is directed 
at the object. A return wave reflected by the object is 
received and analyzed to ascertain the condition of 
the object An electronic portion of the apparatus pro- 
duces digital data signals which are stored in an ap- 

30 propriate memory for later recall and post test evalua- 
tion and analysis. The digital data is transmitted to the 
memory over a data bus. This bus is subject to the 
presence of digital noise as data signals are routed 
thereover. A controller which controls movement of 

35 electrical signals over the bus inhibits flow of electri- 
cal signals thereover during that portion of an opera- 
tional cycle during which the ultrasonic portion of the 
apparatus is functioning. The controller allows trans- 
mission of electrical signals over the bus during that 

40 part of the cycle when the ultrasonic portion is not 
generating and transmitting waves. This controller 
acts to isolate the two portions of the apparatus from 
each other for the digital noise which might otherwise 
effect operation of the ultrasonic portion of the appa- 

45 ratus to not do so. 

As a method, the invention includes generating 
an ultrasonic wave, directing the wave at the object, 
receiving a return wave reflected by the object, and 
evaluating the return wave todetermine the condition 

50 of the object. The method further includes producing 
digital data signals and storing the data for analysis. 
Storing the data includes routing the data signals 
over a bus. To prevent noise present on the data bus 
from effecting the evaluation of the ultrasonic waves 

55 includes control of the routing of data signals over the 
bus. The movement of data signals over the bus is in- 
hibited during that portion of a test cycle during which 
ultrasonic waves are generated and evaluated, and 
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allowed during that portion when the wave is not be- 
ing generated. As a result, the ultrasonic wave proc- 
essing is effectively isolated from any noise so the re- 
sults of the evaluation are not effected. Other objects 
and features will be in part apparent and in part point- 
ed out hereinafter. 

Brief Description of the Drawings 

Fig. 1 A is a block diagram of a quiet bus of the 
present invention; 

Fig. 1 B is a block diagram illustrating how a non- 
destructive test using ultrasonic waves is per- 
formed; 

Fig. 2 is a block diagram of the apparatus of the 
present invention; 

Fig. 3 is a block diagram of a system control mod- 
ule of the apparatus; 

Fig. 4 is a block diagram of the interface between 
a quiet bus and a personal computer used there- 
with; and, 

Figs. 5Aand 5B are timing diagrams for the trans- 
fer of digital data over the quiet bus. 
Corresponding reference characters indicate 
corresponding parts throughout the drawings. 

Description of a Preferred Embodiment 

Referring to the drawings, a quiet bus of the pres- 
ent invention is indicated generally 1 in Fig. 1 A. The 
quiet bus is for use in transferring both analog and 
digital signals between various modules 2 f 3, and 4. 

Routing of these signals is controlled by a quiet 
bus controller 5. As will be described in more detail 
hereinafter, the modules contain digitally controlled 
parameters which are utilized to establish a particular 
test configuration. During performance of the test, 
the modules process and generate analog data. Fi- 
nally, at the completion of the test, the modules gen- 
erate digital data which can be stored for later retrieval 
and analysis. During a test sequence, both analog 
and digital signals move over quiet bus 1. 

In addition to the foregoing, the bus controller in- 
terfaces with respective computers 6 and 7. Comput- 
er 6 has a high speed interface with controllers to en- 
able real-time changes in the test parameters, based 
on processed analog data, to be made. Computer 7 
has a low speed interface with the controller. This lat- 
ter computer acts as an intermediary between bus 1 
and an operator of a system in which the bus is em- 
ployed. The computer allows the user to change para- 
meters or view processed data at a human rate. 

Because of the operations which can be per- 
formed using the quiet bus, the possibility exists that 
both digital and analog signals exist on bus 1 at the 
same time. Moreover, digital noise associated with 
the digital signals can be introduced into amplifiers 
(not shown) contained within modules 2 f 3, and 4. Be- 
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cause these amplifiers will amplify signals in the 
bandwidth at which the digital noise occurs, this noise 
is amplified. If the noise occurs at the same time an 
analog signal is being generated or processed within 
5 the module, the noise can alter the characteristics of 
the analog signal anddistortthe information it repre- 
sents. Such occurrence can invalidate the results of 
the test being performed. 

To prevent this, controller 5 operates to break- 
to down signal transfer over the quiet bus into three dis- 
tinct serpents during any test cycle. In the first se- 
quent, digital signals are allowed on the bus to the 
modules to configure the modules with the parame- 
ters for the test being performed. No analog signals 

15 are routed over the bus at this time. During the sec- 
ond sequent, analog signals are moved over the bus 
for test purposes. No digital signals are allowed on the 
bus during this serpent Lastly, digital signals are 
again allowed on the bus, and analog signals inhibit- 

20 ed from moving thereover. Now, instead of setting test 
parameters, the digital signals convey data to be stor- 
ed for later retrieval. 

By establishing a quiet bus and using it by the 
method described, digital noise, If it occurs, has no ef- 

25 feet on performance of the test, or its results. What 
follows is the description of apparatus for practically 
using the bus. 

Referring now to Fig. 1B, apparatus for conduct- 
ing a non-destructive test of an object O to determine 

30 whether or not the object has a flaw or defect is indi- 
cated generally 10 in Fig. 1. Apparatus 10 employs a 
pulse-echo ultrasonic pulse technique such as is well- 
known in the art Various testing arrangements with 
which apparatus 10 may be usable include testing of 

35 specimens such as tubes and rods, and thick walled 
objects. Testing of these objects is discussed, for ex- 
ample, in United States patents 3,942,361, and 
4,289,033 which are assigned to the same assignee 
as the present application. Those skilled in the art will 

40 be aware of other testing arrangements also. 

Apparatus 10 includes a flaw detector 12 such as 
that commercially available from the Krautkramer 
Branson Corporation of Lewiston, Pennsylvania, un- 
der their model designation USIP 20. Depending 

45 upon the test being performed, a user makes various 
settings using controls 13 on the front panel 14 of the 
instrument These settings include, for example, the 
number of flaw gates 16 (see Fig. 2) involved, thresh- 
old levels, the gain levels of amplifiers 18 (again, see 

so Fig. 2), etc. The instrument settings are stored In a 
set-up computer 20 and are transferred from there to 
a control module or controller 22 within the instru- 
ment. 

At the start of a test, a system clock signal S c (see 
55 Fig. 5A) is transmitted over a quiet bus 24 to an ultra- 
sonic portion 26 of the apparatus. Bus 24 is designed 
for bi-directional flow of electrical signals, these being 
both digital and analog signals. A pulser 28 is inter- 
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posed between the bus and a transducer 30 t and a 
pulser fire signal P f is transmitted simultaneously with 
the clock signal. At the end of this latter signal, the 
pulser is fired. The transducer is responsive to the fir- 
ing of the pulser to generate an ultrasonic wave W 5 
which is directed at the object O under test. 

The duration of the system clock signal marks 
the first segment of a test cycle. During this segment 
controller 22 only allows digital signals on the quiet 
bus. The digital information during this segment con- 10 
tains, at a minimum, a channel number (there are up 
to 256 channels) to evaluate. The digital information 
may also contain test programming or parameter 
reading information. The bus includes sixteen (16) 
data lines D 0 -D 1S , four (4) function lines F 0 -F 3 , and 15 
read/write lines. The type of information on the bus is 
determined by binary state of the function lines. For 
example, if all the function lines are set to 0, i.e. F G - 
F, are 0,0,0,0, the information on the data lines des- 
ignate the number of the channel to be evaluated. If, 20 
for example, the function lines are 0,0,0,1 then the 
data lines convey current parameter address infor- 
mation. As a further example, if the function lines are 
0,0,1 ,0 data for a parameter address is set or gotten. 
Fig. 5A represents a typical set-up cycle in which one 25 
parameter is being modified. Finally, when, for exam- 
ple, the function lines are 0,1,0,1 read signal on the 
bus will cause processed data generated at a gate 
module to be obtained. 

At the end of the system clock signal, the control- 30 
ler inhibits flow of digital signals over the quiet bus 
and allows analog signals to move thereover. This 
period coincides with the firing of the pulser 28 and 
the generation and transmission of the ultrasonic 
wave. A return wave R, which is reflected back from 35 
the object is received by transducer 30 and converted 
back to an electrical signal. This conditioned signal, 
which is an analog signal, is amplified by a preampli- 
fier 32 and routed over the quiet bus to a receiver 34 
which includes the amplifier 18. The receiver condi- 40 
tions the signal. The resultant output from the receiv- 
er is supplied both tothe gate 16 and to an analog dis- 
play 36 over the quiet bus. The analog display is, for 
example, on the front panel of the instrument. As 
shown In Fig. 5B, gate signals G^-G 6 are supplied by 45 
the gates. After the last gate has ended, a gate ended 
signal G. is supplied over the bus to indicate the ul- 
trasonic (analog) portion of the test is over. The func- 
tion line signals F 0 -F 3 , and data line signals D 0 -D 15 are 
now applied to the quiet bus to read in the data gen- so 
erated by the test Additionally, a data output module 
38 may capture the data from the quiet bus and con- 
vert it for output as, for example, to a bar chart recor- 
der 40. 

The above sequence of operations outlines the ss 
operation of the apparatus with respect to the gener- 
ation of ultrasonic waves and the subsequent conver- 
sion of these waves to analog electrical signals which 



are then processed to obtain real-time information 
about the object under test. It will be understood that 
the apparatus is a multi-channel apparatus. For ex- 
ample, instrument 12 can be configured for up to 256 
channels of operation so that many transducers can 
be directed at the object to obtain information con- 
cerning flaws or defects. 

Referring to Figs. 2 and 3, with the advance- 
ments in computers and related software technology, 
it is now possible for a user of the apparatus to extract 
real-time analog data from a test, convert it to digital 
data, store t he digital data and retrieve it at a later time 
for further analysis. In addition, the user is now also 
able to modify test parameters real-time, so to effec- 
tively dynamically reconfigure the test apparatus as 
a test is being done. 

It will be understood that for a 256 channel instru- 
ment such as detector 12, there are numerous para- 
meters. This is true even for a single channel instru- 
ment. Thus, detector 1 2 includes an internal computer 
20 having a keypad 48 and alpha-numeric display or 
monitor 50. This internal computer interfaces with 
system control module 22 via, for example, an IBM PC 
AT bus 46. This internal computer is able to extract 
the data from a test at high rates of speed but other- 
wise the interface with the controller is at much lower 
rates, for example, 30 Hz. 

An external computer 43 is connectable to the de- 
tector via a high speed interface 56 and an associated 
bus 41 . Computer 43 communicates with the system 
controller at the same speed at which the controller 
operates the quiet bus. This is the ultrasonic repeti- 
tion rate of up to 1 0 KHz. Consequently, the user has 
the capability to modify test parameters real-time, to- 
gether with a data extraction capability. The high 
speed interface 56 is available from Krautkramer 
Branson under its model designation 7610. 

Referring to Fig. 4, PC 20 is shown to enable the 
user to perform the functions noted above. By enter- 
ing appropriate instructional commands using the 
keypad, the user directs data to be stored, has it re- 
called, displayed on a monitor, printed out, or saved 
to a disk or other data storage medium. In the display, 
the user can manipulate the data so it is presented in 
forms different than that in which it can be displayed 
in real time. 

Referring again to Fig. 3, control module 22 in- 
cludes a microprocessor 52 which is responsive to 
the instrument settings to control both the ultrasonic 
(analog) portion of the operational cycle, and the dig- 
ital portion thereof. As noted, module 42 serves as an 
intermediary between the internal computer and the 
control computer. This allows internal computer 20 to 
interact with computer 52 at a low rate while the con- 
trol computer interacts with quiet bus 24 at a much 
higher rate. The microprocessor includes memory, 
timing, interrupt, and direct memory access (DMA) 
functions. The microprocessor controls signal routing 



7 



EP0 532 448 A2 



8 



over the quiet bus, as, for example, at the start of a 
test cycle when it generates the system clock signal 
and channel number. For digital data storage, a high 
speed control and interface module 56 is connected 
to local bus 44 and has both input and output registers 5 
561 and 560 respectively. The transmissions back 
and forth between the internal computer 20 and the 
control module, and between the control module and 
external computer 43 are always through one set of 
input/output registers or the other. There are no direct 10 
connections between the control module and either of 
the other elements. 

It is, as noted, a feature of the present invention 
that digital data signals are not routed over the quiet 
bus during the operation of the ultrasonic portion of is 
the apparatus. This is because the frequency of infor- 
mation routed over quiet bus 24 is in the same range 
(5Mhz-10Mhz), which corresponds to that of the fre- 
quencies generated by ultrasonic transducers 30. 
When digital data is moved via the quiet bus, digital 20 
noise which may occur on the bus would be picked up 
by the amplifiers 18. Because of the amount of am- 
plification provided by the amplifiers, the amplitude of 
any digital noise is greatly magnified. Further, this 
digital noise is amplified together with the analog sig- 2s 
nals representing the received ultrasonic data from 
the test. As a result, the analog information is distort- 
ed by the digital noise and incorrect test results are 
obtained. In consequence, the test results could be in- 
valid. 30 

To prevent this, the control module inhibits any 
digital data transfer over bus 24 simultaneous with 
the operation of ultrasonic portion 26 of the appara- 
tus. Since no digital signals are moving on the bus as 
the analog signals are routed thereover, no digital 35 
noise is present to distort the analog signals. At the 
end of the ultrasonic portion of a test cycle, the ap- 
paratus enters a data transfer portion. Although digi- 
tal noise may be present on the bus, there are no ana- 
log signals which it could effect. Once the data has 40 
been stored, the interface between the computer and 
the instrument can be broken. Now, the stored data 
can be directly recalled for analytical purposes. And, 
the user can work with the data knowing that it truly 
reflects the results of the test. 45 

What has been described is a quiet bus and its 
use in a testing arrangement which permits non-de- 
structive testing of an object with real-time data pre- 
sentation capability. This, together with the ability to 
convert the test data from an analog to a digital format so 
and store the digital data for later analysis. Further, 
the test apparatus Interfaces with both an internal 
and an external computer. This allows for the storage 
of digital data, as well as operation at real-time control 
of a test, and later work with the data for purposes of 55 
analysis, importantly, the quiet bus allows the test 
apparatus to have a control capability which insures 
the quality of both the real-time analog information 



and the digital data. The controller accomplishes this 
by controlling operation of the quiet bus over which 
data of both types is routed. The controller manages 
data flow so that digital data, and, more importantly, 
associated digital noise, is not present on the quiet 
bus at the same time as any analog data. Conse- 
quently, even though amplifiers for magnifying the 
analog signal would, because of the frequencies at 
which digital noise occurs, amplify the noise and ana- 
log signals together, thus distorting the analog sig- 
nals and effecting the integrity of the test, this does 
not occur since digital and analog signals are never 
allowed on the quiet bus at the same time. 

In view of the foregoing, it will be seen that the 
several objects of the invention are achieved and 
other advantageous results are obtained. 

As various changes could be made in the above 
constructions without departing from the scope of 
the invention, it is intended that all matter contained 
in the above description or shown in the accompany- 
ing drawings shall be interpreted as illustrative and 
not in a limiting sense. 



Claims 

1. Testing apparatus for performing non-destruc- 
tive testing of an object to determine if it has flaws 
or defects comprising: 

wave means for generating an ultrasonic 
wave, for directing the wave at the object, for re- 
ceiving a return wave reflected by the object, and 
for analyzing the return wave to determine if a 
flaw or defect is present in the object; 

means for converting the return wave to a 
digital data signal for analysis; 

bus means over which the digital data sig- 
nal is routed; and, 

control means for controlling the routing of 
digital data signals over the bus means, the con- 
trol means inhibiting flow of digital signals over 
the bus means during that portion of an opera- 
tional cycle of the apparatus during which the 
wave means is operating, and allowing transmis- 
sion of digital signals over the bus means when 
the wave means is not operating, whereby the ul- 
trasonic portion of the apparatus is effectively 
isolated from the bus means for any digital noise 
on the bus means to not effect the ultrasonic por- 
tion of the apparatus and effect test results pro- 
duced thereby. 

2. The apparatus of claim 1 further including inter- 
nal computer means for controlling testing para- 
meters and for storing the digital data signals for 
later analysis, the internal computer means inter- 
facing with the control means. 
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3. The apparatus of claim 2 further including exter- 
nal computer means interfacing with the control 
means, the external computer means being ca- 
pable of manipulating test parameters and ac- 
quiring test data at a rate different from that at 5 
which the internal computer means acts. 

4. The apparatus of claim 3 further including in- 
put/output register means at the respective inter- 
faces between the respective computer means 10 
and the control means thereby to isolate the quiet 

bus from each. 

5. In an ultrasonic flaw detector apparatus having 

an ultrasonic section in which ultrasonic waves is 
are periodically generated and directed at a part 
under test, and return waves are received and 
evaluated to determine the existence of flaws or 
defects in the part, the improvement comprising: 

means for converting the information con- 20 
tained in the return waves to digital data signals; 

computing means for setting test parame- 
ters and for storing t he digital data for subsequent 
evaluation and analysis; 

bus means over which digital data is rout- 25 
ed to the storage means, said bus means being 
subject to the presence of digital noise when data 
is being routed thereover; and, 

bus controller means for controlling oper- 
ation of the bus to co-ordinate routing of digital 30 
data thereover with operation of the ultrasonic 
section of the apparatus, said controller means 
inhibiting flow of digital data over the bus means 
during the period when the ultrasonic section is 
operating, and allowing flow of digital data there- 35 
over when the ultrasonic section is not operating, 
t hereby to prevent digital noise from effecting test 
information developed by the ultrasonic section. 

6. The improvement of claim 5 further including in- 40 
terface means for interfacing the computer 
means with the bus controller means, the inter- 
facing means isolating the bus means from the 
computing means. 

46 

7. A quiet bus for routing both analog and digital 
data signals from one location in a system to an- 
other, the bus interfacing with control means 
which controls the flow of analog and digital sig- 
nals thereover with the analog signals being rout- so 
ed between one set of locations within the sys- 
tem and the digital signals between a different set 

of locations therewithin, and the control means 
controlling flow of analog and digital signals such 
that the analog and digital signals are not simul- 55 
taneously present on the bus whereby digital 
noise associated with the presence of the digital 
signals cannot effect the signal characteristics of 



the analog signals. 

8. The quiet bus of claim 6 further in which the sys- 
tem interfaces with computing means for storing 
digital data and for using the data for analytical 
purposes, and the quiet bus includes means for 
isolating the quiet bus from the computing 
means. 

9. The quiet bus of claim 8 for use in a system for ul- 
trasonically testing an object to detect flaws or 
defects therein. 

10. A method of performing non-destructive testing 
of an object to determine if it has flaws or defects 
comprising: 

generating an ultrasonic wave, directing it 
at the object, receiving a return wave from the ob- 
ject and analyzing the return wave to determine 
if a flaw or defect is present in the object; 

converting the return wave to a digital data 
signal and storing the data represented by the 
digital signal; 

routing the digital signal over bus means 
for storing the data; and, 

controlling the routing of digital signals 
over the bus means including inhibiting flow of 
digital signals over the bus means during that 
portion of an operational cycle during which ultra- 
sonic waves are generated and analyzed, and 
transmitting digital signals over the bus means 
when the ultrasonic waves are not being gener- 
ated and analyzed, whereby an ultrasonic portion 
of a test apparatus is effectively isolated from the 
bus means for any digital noise on the bus means 
to not effect the ultrasonic portion of the appara- 
tus and effect test results produced thereby. 

11. The method of claim 10 further including chang- 
ing the test parameters between one test cycle 
and another, the changing in test parameters be- 
ing dynamically accomplished so that no down- 
time is required to change the test parameters 
between test cycles. 

1 2. The met hod of claim 1 1 wherein changing t he test 
parameters dynamically includes controlling the 
routing of digital signals over the bus such that 
digital signals for changing test parameters are 
allowed on the bus at the start of a test cycle and 
prior to the generation of ultrasonic waves. 

13. A method for routing both analog and digital data 
signals from one location in a system to another 
including establishing a quiet bus capable of hav- 
ing both analog and digital signals routed there- 
over, interfacing the quiet bus with control means 
which controls the flow of analog and digital sig- 
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nals thereover with the analog signals being rout- 
ed between one set of locations within the sys- 
tem and the digital signals between a different set 
of locations therewith in, and controlling the flow 
of analog and digital signafs by the control means 5 
such that the analog and digital signals are not si- 
multaneously present on the bus whereby digital 
noise associated with the presence of the digital 
signals cannot effect the signal characteristics of 
the analog signals. 10 

14. The method of daim 13 wherein the routing of 
analog and digital data signals over the bus in- 
cludes first allowing digital signals but not analog 
signals on the bus, then allowing analog signals 15 
but not digital signals on the bus, and then again 
allowing digital signals but not analog signals on 

the bus. 

15. A quiet bus for use in routing analog and digital 20 
information in a using system from respective 

first locations in the system to respective second 
locations therewithin, the quiet bus having asso- 
ciated control means by which the routing of the 
information is controlled, the control means first 25 
allowing only digital information to be routed over 
the quiet, then only analog information over the 
quiet bus, and then again only digital information 
thereover, whereby analog and digital informa- 
tion is never simultaneously on the bus. 30 
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